A "parametric" pencil beam model is introduced for describing the attenuation of an energetic neutral beam moving through a tokamak plasma. The nonnegligible effects of a finite beam cross-section and noncircular shifted plasma cross-sections are accounted for in a simple way by using a smoothing algorithm dependent linearly on beam radius and by including information on the plasma flux surface geometry explicitly. The model is benchmarked against more complete and more time-consuming two-dimensional Monte Carlo calculations for the case of a large D-shaped tokamak plasma with minor radius a = 120 cm and elongation b/a = 1.6. Deposition profiles are compared for deuterium beam energies of 120-150 keV, central plasma densities of 8 • l013 to 2• 1014 cm -3, and beam orientation ranging from perpendicular to tangential to the inside wall.
INTRODUCTION
Neutral beam heating of tokamak reactor plasmas has been the subject of extensive study (1-3) over the past several years, not only as a necessary means to overcome the inherent limitations of pure ohmic heating but also as a possible means of achieving a sustained current drive. (4-6) As higher plasma betas are achieved, it becomes important to correctly model the higher order geometrical effects imposed on the fast ion deposition profile H(r) by the resulting distorted plasma cross-sections. As we shall show, noncircular, shifted plasma flux surfaces can significantly alter these deposition profiles from what they would be in a corresponding low-beta, circular, concentric case.
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The physics behind the attenuation of an energetic neutral beam moving through a hot, dense plasma is well known. What we consider here is a "parametric" model for this process where the finite beam and noncircular plasma cross-sections are accounted for. After writing the analytic description of a pencil beam, we introduce an algorithm which includes these finite effects. We then benchmark the model against more exact Monte Carlo calculations for a number of geometries, beam energies, and beam radii. The limitations inherent in our approach are pointed out and balanced against the extremely fast computer execution time of our code, vis-h-vis possible incorporation into plasma transport codes.
2. PROBLEM DEFINITION

Plasma/Beam Parameters
In order to obtain a fast ion deposition profile, it is necessary to specify several key parameters related to the plasma and to the beam. Since plasma temperature and density are expected to be constant on surfaces of constant poloidal or toroidal flux for a plasma in equilibrium, all the key geometric plasma parameters relate to a specification of these flux contours in the R-Z plane. Shown in Fig. 1 is a set of such contours for an FED/INTOR-sized plasma with a major radius to the geometric center of R a = 474.6 cm, a major radius to the magnetic axis of R o = 512.9 cm, and a minor radius in the midplane of a o = 123 cm. For the equilibrium case shown, the finite beta results in a shifting of the flux surfaces outward as one moves toward the magnetic axis, with a resulting steeper gradient in all plasma parameters toward the outside of the plasma. Significant elongation, bo/a o = i.5, and triangularity, Co/a o = 0.5, are also evident in the figure, resulting in a modulation of the differential volumes from a simple circular case. Also shown in Fig. 1 is a horizontal projection of a neutral beam path for a beam radius of 20 cm. This side view illustrates the coupling between the finite plasma elongation and the beam path component parallel to but displaced from the midplane of the toms. Note that larger elongations allow better "penetration" for the extreme off-plane particles. This is one of the finite beam effects mentioned earlier. A top view of the plasma-beam system (Fig. 2) highlights the various beam trajectories considered here, with a convenient trajectory parameter designated by the distance of closest approach, R s, of the beam path to the center of the toms.
In order to reduce this three-dimensional (3-D) system to a workable one-dimensional (l-D) model, we employ the grid scheme shown in Fig. 3 . The 
